Abstract-A JIT Material Handling System attempts to manufacture products from start to finish by rearranging the factory floor layout away from batch production toward a product layout using flow lines. One of the most accepted JIT production methods used in this work is known as the Kanban system. Kanbans are used to operate a pull system of material control that links all supplying operations to a final assembly line. The ultimate goal of this system is the conversion of raw materials at the Juhel Oral Drug Process plant into finished products with lead time equal to processing time. The flows in the manufacturing model include: the flow of materials, the flow of information, and the flow of cost. These flows create the value streams. Components of the value stream can be valueadd or waste, depending on the operating conditions. The simulation model developed in this research work is based on the single-card pull system developed at the Drug Process Plant. This model consists of three blocks (workstations) where there is a buffer located between two workstations. In this model, the material moves according to the Kanban rule. If Kanbans arrive and the material is available, the workstation starts processing the material. This research demonstrates that the design of the JIT system can significantly affect key manufacturing performance measures. JIT implementation cannot provide significant benefits if setup time and variability remain high as well as if the company is not able to optimise the production facilities by product mix. Based on the result from this work, JIT is not based upon rigid concepts. Therefore, successful implementation depends largely on the company's ability to identify problems, creativity and efforts. The application of single-card pull system coupled with the use of the trigger point results in simpler mechanisms for operating the system.
I. INTRODUCTION
According to [1] , Just in Time (JIT) is a production system that emphasizes the application of JIT principles in the manufacture of products from raw materials to finished parts. JIT production is implemented by first reorganizing the factory floor layout from batch production to a product layout by means of flow lines. Such flow line could be Ushaped so as to allow workers help each other should there be any emergency, trouble or unpredicted occurrence or mishap in production line. It would also allow workers have easier access to more than one machine. The JIT system is time responsive and could shut down a whole production line in the emergence of a problem in production flow pending immediate fix of the problem. As obtainable in JIT, raw material are in constant flow since production is made based on demand. Under JIT environment, defects are nt tolerated. Minimum inventory levels are vigorously pursued as bottleneck in the production process may cause delays in product deliveries to customers. JIT production lay much emphasis on getting the job right the first time [2] .
The Kanban system is one of the fundamental JIT concepts used in production. Kanban is a Japanese word for signal card and could be traced to the use of signal cards to manage a pull system of material control that connected all supplying operations to a final production assemblage line [3] . The utmost goal of the JIT system is to through the uses of Kanban match lead time with processing time as it converts raw materials into finished products. This is accomplished through inventory and lot size reduction, setup costs reduction, elimination of queues, WIP maintenance to eliminate defects, lead times reduction, effective collaboration with management and customers/vendors [4] . A cursory look at these factors in comparison with traditional manufacturing philosophy discloses why JIT implementation in Nigeria has been slow. Inventory management is vital in manufacturing plants, however traditional manufacturing plants strive to produce more ahead of demand [2, 5] . Also, attempts are not usually made to reduce lots sizes, optimum lot sizes are determined using formulas based on the trade-off between inventories cost and setup cost. In traditional manufacturing plants, setup costs are not considered imperative because the firm's principal objective is to maximize output. Extra investments in queues become necessary and vendors are considered adversaries since competition between them is fostered. Scrap production and components defects are tolerated [1, 6] . Equipment repairs are done as necessary and it is not decisive because queues are available. Also, traditional manufacturing entertain longer lead time.
Furthermore, workers under traditional manufacturing environment make little or no input in the installation of new systems even though they are evaluated based on the new systems. The goals of a Kanban (JIT) system do not agree with the traditional manufacturing/management philosophies of conventional manufacturing companies. Kanban or JIT implementation involves considerable changes in the operating procedures/production processes of companies. According to [1] , successful implementation of JIT requires the cooperation and commitment of both management and employees. JIT implementation in purchasing is dependent on the availability of raw materials from suppliers at the point they are needed by the company. Settings such as this require that a company must build up a Industrial Design and Simulation of a JIT Material Handling System
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II. METHODOLOGY

A. Structure of the JIT Manufacturing System Model
There are of three flows in the JIT manufacturing System model: materials flow, information flow, and cost flow. The value streams emanate from these flows. The value stream components can be value-add or waste, dependent on the operating environment. Excess material flows for instance become a stream of inventories, while excess information flows cause uncertainty in process execution. Proper management of the flows ensures effective control of the streams. To achieve lean production, an efficient control of these streams is essential.
As earlier stated, the flow is controlled by the interfaces. For instance a conveyor regulates materials flow and a visual control regulates the information flow between two stations. The interfaces arise from disconnected points in the system, as applicable to the physical distances between two machines, the control panels between a machine and an operator, the communication barriers between two people. It establishes a good location for cost transactions.
In the Just in Time Manufacturing System model, the parts and kanban represent the raw materials and the information mechanism respectively which are used to analyze the efficiency of these flows. Costs are applied to the operation of the devices that handles the parts or kanban. Therefore a buildup of parts and kanban lead to increase in cost.
Parts, kanban and cycles constitute the entities of the model. Parts produced in the production sub-model are consumed in the consumption sub-model and shipped from the production sub-model to the consumption sub-model. While on transit, they also travel through the supplier sub model and the plant sub model. The reordering of parts is controlled by Kanban. All kanban cards begin and terminate in the kanban sub-model whereas parts and kanban cards from the supplier sub-model are moved to the plant submodel. Cycle entities which exist only in the route submodel state the time to dispatch and signal the transport cycles.
B. Material Handling System Flows
Since, kanbans control the reordering of parts. The kanban cards flow pattern will be described below: A kanban card is dispatched in the kanban sub-model when inventory level hits a critical point. The card will be picked up at a specific time and moved to its designated supplier. The card is dropped off at the supplier. In order for the card to simulate the order-to-pickup lead time, it stays at supplier for a number of cycles. After that, another card is pulled out together alongside any available parts assigned to the card. The card is afterwards taken back to the plant and dropped off. The card is again dispatched to a HOLD block which accumulates all the extra cards.
The flow pattern of the parts is created at the supplier is as follows: Once a kanban signal is issued, a prototype part replicates another part. This occurs at the same instant the kanban card is issued for the kanban flow. The part is thereafter deferred in a process block to simulate production or dispensing. It then exits to a batch block and turn out to be part of a pallet. At a specific time, the pallet is picked up together with its kanban card and moved to the plant. At the plant the pallet is dropped off and taken to a holding block in the consumption sub-model.
C. Purpose of the Evaluation of the New System
The purpose of the evaluation of the JIT system using simulation is to determine factors contributing to improving performance of the new system. The design of the new JIT system was carried out in a more practical rather than theoretical manner. Therefore, some JIT characteristics such as the number of buffers, Kanban quantities and the number of Kanban at each block are determined using practical grounds. In this research work, four characteristics will be evaluated using simulation to achieve lower inventory and shorter flow time. 
D. System Simulation
The simulation model developed in this research work is based on the single-card pull system developed at the Drug Process Plant. This model consists of three blocks (workstations) where there is a buffer located between two workstations. In this model, the material moves according to the Kanban rule. Material processing is initiated at the workstation when Kanbans arrive and the material is on hand. Otherwise, if the material is not on hand, the Kanban waits until the buffer is refilled and the material is available. To run this model, in the start of the simulation, all buffers hold a particular number of materials as the initialization. Without this step, the simulation in no way takes place since the materials are not on hand.
In this research work, not all items produced by the Drug Process Plant will be simulated since there are around 97 periodical items of which the order quantities range from one sub-pallet to 700 sub-pallets. In the simulation model, several high-volume items are selected to represent the other Kanban items. The rest are represented by four hypothetical non-Kanban items that have total order volumes and total processing times the same as those represented. Three stages are required to model the JIT system at the Drug Process Plant:
a. Building the basic model and the animation. b. Developing a more realistic model by extending the number of items represented and the parameters of the system. c. Evaluating the actual system by increasing the number of buffers and Throughput.
E. Building the Basic Model and Animation
The objective of this stage is to develop the basic model and to verify the logic of the model. Item represented is only the trial item i.e. JBF 113104. The logic of this model can be established early due to its simplicity. The flow diagram describing this model is shown in Figure 1 .
As the program is simple and the number of entities existing in the system is small, the verification of the logic of the model, particularly the movement of the entities can be conducted easily using animation. In the animation, it is difficult to observe the movement of too many entities on the same screen. 
Pull Mechanisms
The pull mechanism is created by using MATCH, a SIMAN block, as suggested by [4] . Fundamentally, there are many ways of simulating the pull mechanism, however, MATCH has the advantage that this mechanism can be easily animated using SIMAN. Basically the purpose of MATCH is to synchronise two or more randomly arriving entities. In the model file, two randomly arriving entities that will be matched are Kanbans and materials. By using MATCH, the materials will be sent to the next process only if there is an entity represented as a Kanban staying in the other queue. As written in the model file, an example of this mechanism is as follows: Based on above model listing, materials at the queue buffer2Q will be sent to the Block 3 if there is a Kanban at the queue Board2Q. If a match does not occur either a Kanban or material stays in the queue pending when both of them are accessible.
Trigger Point
A trigger point is also represented in this stage since block 3 and block 2 have different batch sizes. Based on this concept, buffer 2 will be refilled if the cumulative number of parts has reached the batch size of block 2 (360 units). To simulate the trigger point, an entity denoted by a green Kanban will pick up (match) the materials from buffer 2. When the number of materials picked up reaches 60 units (represented by two entities) at the first trial, an entity represented by a yellow Kanban will be sent to block 2 to start producing 360 units of the new parts. If in the next trial, another entity denoted by a green Kanban arrives and the materials available at buffer 2 are more than 60 units, the yellow Kanban is not issued until the total requirement achieves 360 units or until the materials available are less than 60 units. This mechanism will ensure that there is a sufficient amount of materials consumed by block 3 and the pull system runs smoothly. In the model file, an example of this mechanism is shown as follows: (6) 
Determining the Arrivals of the Trial Item
The arrival of the orders of JBF 113104 are daily, According to the order planning of the Plant. Therefore, if there are three shifts (24 hours), the arrival time is: 24 x 60 minutes = 1440 minutes. If the difference of arrival time is around 10%, this situation can be expressed in a statistical uniform distribution as UNIF (1440,1584).
The simulation model will be used to investigate the effect of the fluctuating orders. Although, the daily order in the trial period is constant, in the future it is likely to be unpredictable. The daily fluctuating order in the next six months can be illustrated as in the following Table 1 . 
Entity Flows
SIMAN is designed for the conventional push system, therefore, to simulate a pull system, statement DUPLICATE will be utilized to send entities to the opposite direction in the push system. In each block, entities (materials) wait at each station according to the processing time. An entity must move to the buffer located at the subsequent block, after being processed at the station. Hence, a DUPLICATE should be used to move the entity in the reverse direction. In the same way, this approach is used to fire a signal or a Kanban to the preceding workstation. The original entities remain in the workstation for counting and after that they are disposed off.
Animation
The animatronics developed in this stage presents displays about the model such as the movement of entities, the amount of the buffers as well as the level of the orders queue. The movement of entities such as Kanbans and materials are animated. This display therefore offers a useful means to verify the logic of the model. To get insight into the performance of the system, the status of the parameters such as the amount of each buffer as well as the number of items produced at each block can also be observed. In addition, the animation also shows the histogram of the queuing orders so the level of unsatisfied orders can also be observed. The animation screen can be seen in Figure 2 . 
III. RESULTS
A. Behavior Analysis of the Production Control
A plot of the production rate and total inventory level on the 'I1 -I2' plane are shown in Figure 3 and Figure 4 respectively where I1 and I2 are the loop invariants. Production rate plots provide a platform in which isocurves can be drawn. Points on the production rate iso-curve match with a combination of (I1, I2) that corresponds to a specific production rate. It is important to state that the production rate plot is identical to the production plot for the buffer space allocation.
These arrangements have different values in the total inventory level plot. As a rule, the solution of optimizing total inventory level is the one that has the least value [7] . In Figure 5 and Figure 6 , this paper illustrates an iso-curve mapping technique to establish the loop invariants which optimize total inventory level. 
B. Sensitivity Analysis
The total inventory cost function is a picture of the real solutions in which the model parameters (total demand of finished product, finished product demand changing rate, ordering cost, holding cost, etc) are understood to be static values. It is logical to study the sensitivity, i.e. the effects of making changes in the model parameters over a given optimum solution. Numerical sensitivity of the system parameters and input variables are evaluated in this section. The analysis shows the wide-ranging behavior of the system and illustrates the characteristics of the parameters through the nature of the curvature. The result gives the sensitivity of the model parameters on the total inventory cost and demonstrates the critical point for the cost minimization.
C. Effect of Finished Product Demand on the Inventory Cost at Different Raw Material Orders
In a JIT-Kanban based production system, the finished product demand (DF) is a vital factor. Finished product demand establish the on-hand inventory, especially when finished product demand shifts significantly influence the overall inventory cost. Therefore, it is crucial to perform a sensitivity analysis based on the variation of finished product demand. Keeping the other parameters of the total inventory cost function unchanged, the effect of DF over the total inventory cost is shown in Figure 7 . It is noted that when the demand of finished product increase, the total inventory cost also increase in a linear fashion, and the optimal raw material orders increases to some extent. Figure 8 shows the finished product demand changing rate and raw material procurement rate VS the total inventory cost by applying the parametric values and varying the raw material procurement rate from 1 to 20 and finished product demand changing rate from 4 to 20. It is observed that when the demand changing rate of finished product rises, the total inventory cost is decreased inversely but the optimal raw material orders rises. Fig. 8 . Effect of finished product demand rate on both total inventory cost and raw material procurement rate.
D. Effect of finished product demand rate on the total inventory cost at different raw material orders
E. Effect of JIT system on Key Manufacturing Performance Measures
Findings from the plots reveal that JIT system design can extensively influence key manufacturing, market, operational, and financial performance measures like demand fulfillment rate (DFR), cycle-time (CT), and net operating income (NOI). This confirms the findings of [8, 9, 10] .
IV. CONCLUSION
The Just-In-Time (JIT) system implemented at the Drug Process Plant provides many benefits, particularly those associated with inventory reduction at the end buffer, shorter customer lead time, better visual control and better worker motivation. However, for the reason that this implementation was only a pilot project and it was applied to only one item, problems arose in the implementation that may not completely reflect the real problems encountered in the implementation for multiple items. Some issues such as setup time reduction, process variability reduction and product mix that are essential for successful JIT implementation did not become crucial issues in this research. JIT implementation cannot offer significant profit if setup time and variability remain high as well as if the company is not able to optimise the production facilities by product mix. However, in the future, those issues should be taken into account if the Drug Process Plant wants to expand the system for use with other items.
Based on experience from this research work, JIT is not based upon rigid concepts. Therefore, successful implementation depends largely on the company's ability to spot problems, their creativity and efforts. The single-card pull system applied in this project coupled with the use of the trigger point results in simpler mechanisms for operating the system. This modification means less containers or boxes are required and there is easier understanding for the operators. Basically, each company can develop their own pull system. However, the most important thing is how making the system work and meeting the requirements.
